Restriction Endonuclease Analysis of the DNA from VariceUa-Zoster
Virus: Stability of the DNA after Passage in vitro (Accepted 16 March 1981) SUMMARY DNA was extracted from nucleocapsids isolated from WI-38 cells infected with two different strains of variceUa-zoster virus (VZV). The DNAs were treated with each of six restriction endonucleases (EcoRI, HindlII, BglI, BgllI, Sal I and Bam-HI) and small, but reproducible differences in restriction endonuclease patterns were observed. These strains were passaged in WI-38 cells and in primary guinea-pig embryo (GPE) cells, followed by restriction endonuclease analysis of the DNAs. No changes were observed in the restriction profile of the DNA of one of the strains (VZV-KMcC) after 46 passages in WI-38 cells but small differences were observed after 72 passages. No changes were observed after 30 passages of another strain (VZV-AW) in WI-38 cells. Twenty passages of VZB-KMcC in GPE cells did result in minor alterations of its DNA. It was concluded that VZV DNA was sufficiently stable after multiple passages in WI-38 ceils to make restriction endonuclease analysis a valuable epidemiological tool for strain differentiation.
Restriction endonuclease analysis of virus DNA has been used to differentiate between a number of strains of each serotype of herpes simplex virus (HSV) (Hayward et al., 1975; Skare & Summers, 1977; Buchman et al., 1978; Lonsdale, 1979) . Differences in the distribution of cleavage sites for a number of endonucleases have also been reported for isolates of cytomegalovirus (Kilpatrick et al., 1976 ), Marek's disease virus and the related herpesvirus of turkey (Hirai et al., 1979) .
Recently, similar analyses have been carried out with varicella-zoster virus (VZV). Since VZV grows poorly in tissue culture cells and virions remain cell-associated, virus DNA was obtained from infected cells and purified by a salt-fractionation procedure followed by sedimentation in caesium chloride (Rapp et al., 1977; Oakes et al., 1977; Richards et al., 1979) . The DNA of a number of clinical isolates showed small variations in their endonuclease cleavage patterns Richards et al., 1979) .
The purpose of the research described in this paper was twofold. First, we wished to develop a simpler method for the preparation of virus DNA by extracting it from nucleocapsids that were purified from infected cells and second, we wished to determine whether the endonuclease cleavage patterns changed as VZV isolates were passaged in vitro. Such knowledge is necessary for an evaluation of the usefulness of endonuclease analysis as a diagnostic tool to distinguish between strains of VZV.
The two strains of VZV (VZV-KMcC and VZV-AW) were independent isolates from vesicle fluids obtained from two clinical cases of varicella and grown in WI-38 ceils as described by Zweerink & Neff (1981) or in guinea-pig embryo (GPE) cells as described by Fioretti et al. (1973) .
The following strains were used for restriction endonuclease analysis: VZV-KMcC (6) VZV-KMcC (46) and VZV-KMcC (72) were passaged 6, 46 and 72 times respectively in WI-38 cells; VZV-AW (6) and VZV-AW (30) were passaged 6 and 30 times in WI-38 cells; VZV-KMcC (10-5-7) was passaged 10 times in WI-38 cells, 5 times in GPE cells and 7 times in WI-38 cells; VZV-KMcC (10-20-5) was passaged 10 times in WI-38 cells, 20 times in GPE cells and 5 times in WI-38 cells. Infected cells were labelled with 3zp and VZV nucleocapsids were isolated from infected cells as described by Zweerink & Neff (1981) ; followed by dialysis against 0.01 Mtris-(hydroxymethyl)aminomethane pH 7.5, 0.001M-ethylenediamine tetraacetate and 0.01 ta-NaC1 (NET buffer). DNA was extracted as follows: dialysed nucleocapsids were treated with 0.1% SDS and proteinase K (Boehringer, 100 gg/ml). After 2 h at 37 °C, SDS was added to 1% and yeast transfer RNA (Calbiochem) to 50 #g/ml. This material was extracted twice with phenol and dialysed against NET buffer containing 0.2 M-NaC1. After dialysis, radioactivity in an aliquot was determined in Aquasol (New England Nuclear) and the DNA precipitated with ethanol.
Precipitated DNA was washed with 70 % ethanol, resuspended in 20 #1 of the appropriate endonuclease buffer and 1 unit restriction endonuclease added. The mixture was incubated for 6 h at 37 °C and the reaction terminated by the addition of 10 #1 of a mixture containing 0.015 M-EDTA, 0.3% SDS, 30% glycerol and 0.02% bromophenol blue . Endonucleases (BglI, BgllI, SalI, BamHI, EcoRI and HindlII) were obtained from New England Biolabs (Beverly, Mass., U.S.A.) DNA fragments were separated in 0.6% agarose slab gels in tris-phosphate buffer (Hayward et aL, 1975) at 2 V/cm for approx. 16 h. The gels were dried and DNA visualized by autoradiography using Cronex intensifying screens (Du Pont de Nemours & Co.). Samples that were applied to the gels contained approx. 10000 ct/min each. The D N A of VZV-KMcC and V Z V -A W (both at the sixth passage) was treated with each of the six restriction endonucleases and the resulting D N A fragments were separated in 0.6 % agarose gels (see Fig. 1 ). Small, but reproducible differences were observed in the endonuclease cleavage pattern for five enzymes as indicated. The exception was the BglII, in that the patterns for V Z V -K M c C and V Z V -A W were identical. In the case of EcoRI, differences were observed for a low tool. wt. fragment after longer exposure of the gel (see insert in Fig. 1 ). In the case of HindIII, a difference was only observed when electrophoresis was carried out in 0 . 4 % agarose (see insert in Fig. 1 ). The faint high mol. wt. fragments generated by BglI and BgIII were not always observed and they probably represent partially digested D N A .
The restriction endonuclease patterns generated by EcoRI, HindIII and BamHI were very similar to those reported by Richards et al. (1979) both in regard to the number of fragments Short communications and their mol. wt. (<1 × 106 to 10.5 × 106 for EcoRI generated fragments, 1 × 106 to 16 × 106 for HindlII, and < 1 x 106 to 8 × 106 for BamHI). These mol. wt. were calculated relative to those of HSV-1 (KOS) DNA fragments generated by EcoRI and HindlII (Skare & Summers, 1977) , and they were used to determine the relative mass of all fragments after scanning of the gels (data not shown). It was found as reported previously by Oakes et al. (1977) that several fragments were present in submolar amounts indicating genomic heterogeneity.
The ratio of physical to infectious particles is approx. 106 for VZV (B. Wolanski & B. Neff, unpublished observations). This has made it very difficult to plaque-purify this virus. Furthermore, it is quite possible that virus stocks contain large numbers of defective particles and this could lead to altered endonuclease restriction patterns, as the virus isolates are passaged in tissue culture after their initial isolation from vesicular fluid. DNA from isolates at different passage levels (KMcC at passage levels 6, 46 and 72, and AW at passage levels 6 and 30) was treated with each of the six restriction endonucleases mentioned above. No differences were observed with one exception: the high mol. wt. EcoRI fragments of VZV-KMcC (72) were heterogeneous in size which resulted in a poor separation (Fig. 2a) . Furthermore, it appeared that two of the large fragments were present in reduced amounts or had disappeared altogether (see arrows in Fig. 2a ). It is of interest to note that VZV-KMcC (72) differed from VZV-KMcC (6) and VZV-KMcC (40) not only in its DNA but also in the fact that it is much less cell-associated (B. J. Neff et al., unpublished observations).
VZV-KMcC was also passaged in GPE cells in addition to WI-38 cells. Fig. 2 (b) shows that the DNA from a strain that had been passaged 10 times in WI-38 cells, 20 times in GPE cells and another 5 times in WI-38 cells did have an altered restriction endonuclease pattern when treated with Sall and HindlII (but not for the other four enzymes). A more limited passage in GPE cells (5 times) did not alter the restriction patterns for any of the enzymes tested.
The cyclic appearance and disappearance of defective particles (Murray et al., 1975) , if it occurred in VZV, might within a few passages, result in the appearance of DNA molecules with altered restriction patterns. Therefore, the DNA of VZV-KMcC at passage levels 40, 42, 44 and 46 (in WI-38 ceils) was analysed. However, the endonuclease patterns did not change (not shown).
These results indicate that VZV nucleocapsids purified from infected cells are an excellent source of DNA that is suitable for restriction endonuclease analysis, and that such analysis can be used as an epidemiological tool for the identification and characterization of VZV strains.
